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a b s t r a c t
About478 coal and coaly shale sampleswere collected to study the seleniumcontent anddistributionpat-
tern in Iranian coals in different coal basins. Most Iranian coals have selenium coals lower than 31.5ppm.
The average Se content in Iranian coals is about 1.2ppm, close to that in the world. The Ksashan coal
basin has lowest levels of average Se (0.9ppm) accumulation. The Se concentration in Iranian coals is
inﬂuenced by metamorphism and tectonic conditions. The highest concentration of Se in coal-bearing
deposits is at Kalishur (31.5ppm) in Tabas coal basin.
© 2014 The Author. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction
Trace elements in coal are important not only because they
are indicators of mineralization, but also because they may cause
environmental problems and impact the health of plants, animals,
and humans (Dai et al., 2003; Yang, 2007). Coals with unusually
high concentrations of potentially valuable trace elements have
intrigued scientists for more than 100 years and metalliferous is
the term used for any coal with anomalously high concentrations
of trace elements (Seredin and Finkelman, 2008). Trace elements
commonly occur in coals, coal-derived products and combustion
residues. Therefore, many countries are concerned about environ-
mental pollution caused by coalmining, coal beneﬁciation and coal
combustion (Ren et al., 1999). Enhanced Se contents are known
in both lignite and bituminous coals. In coal, elements can be
associated with the inorganic constituents or with the organic
constituents. The elementâŁ™s modes of occurrence can strongly
inﬂuence its behavior during coal cleaning, weathering, leach-
ing, combustion, and conversion (Zhang et al., 2007). In the USA,
Russia, Ukraine, Uzbekistan, Bulgaria, Greece, Turkey and China,
Se-bearing coals are, as a rule, high-sulphur coals (Yudovich and
Ketris, 2006). Belkin and Luo (2012) noted that native selenium,
Se-bearing pyrite and other sulﬁdes are the hosts for Se in high
ash coals. Most Se and other trace element concentrations of coals
from a certain region were generally given as arithmetic or geo-
metric means of the studied coal samples. However, the relative
proportions of coal resources should be taken into account when
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average concentrations of trace elements in coals from a region
are estimated to reﬂect their toxicity or their potential byproduct
value; otherwise, the estimated concentrations of trace elements
in coalswill not be representative for the certain region if coal sam-
ples were not evenly distributed either in space or in geologic time
(Yang, 2007; Dai and Ren, 2006; Hower et al., 2005). The mean
abundances of elements in coal can provide an important scientiﬁc
basis for many geochemical comparisons and studies (Ketris and
Yudovich, 2009). The multiple sources of Se provide an interesting
peculiarity in the Se geochemistry, including: (a) arid territories
with abundant Se in waters and red-coloured sediments; (b) vol-
canic exhalations and ashes; (c) hydrothems; (d) environ waters of
the sulﬁde deposits. Some of these sources can be distinguished
in the Se-bearing coals (Yudovich and Ketris, 2006). The World
average Se content in coals (coal clarke of Se) for the hard coals
and brown coals are respectively 1.6Â±0.1 and 1.0Â±0.15ppm.
On an average ash basis, these contents would be greatly increased
and are 9.9Â±0.7 and 7.6Â±0.76ppm, respectively (Yudovich and
Ketris, 2006). The average Se content for the world lignites is
0.8ppm (BouÅ¡ka and PeÅ¡ek, 1999). For the U.S. coals, the aver-
age Se content is 1.7ppm and the highest individual Se content
is 75ppm (Coleman et al., 1993). The range Se concentration in
Chinese coal is 0.12âŁ“56.7ppm with average 6.2ppm (Ren et al.,
1999). Exploration activities since 1966 have led to the discovery of
many coal occurrences from the upper Triassic-lower Jurassic era
in Iran. Although the trace element geochemistry is of interest as it
was the result of the inﬂuence of various geological factors, earlier
studies of the geochemistry of Iranian coals are scarce and often
are limited to case studies (e.g., Goodarzi et al., 2006; Yazdi and
Shiravani, 2004; Yazdani and Golzar, 2012; Ardebili et al., 2012).
We conducted systematic investigations of coal basins anddeposits
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in Iran in an effort to ﬁll this gap of knowledge. This work presents
new data on the geochemistry of Se in coals of Iran and details
on the geochemistry of the coals of the region based on 478 coal
samples.
2. Iranian coal resource
The coal-bearing deposits of Iran are spread, more or less,
throughout the central, northern and northwestern regions of the
country, and occupy a vast area of some 100 thousand sq.km
(Zadehkabir, 1992). In Iran, coal deposits from the upper Triassic-
lower Jurassic era are limited to the Tabas and Alborz coal basins
and three independent regions: Kashan in the central Iran, Kho-
rasan in the northeast and Azarbaijan in the northwest of the
country (Fig. 1). Generally, coal deposits in Iran consisted of alluvial
and lacustrine facies, except in Tabas structural-facies zone where
marine and littoral facies can be seen (Zadehkabir, 1992).
Carbon-bearing capacity of TriassicâŁ“Jurassic sediments in Iran
is distributed non-uniformly. Its alterations are connected with
facies peculiarities of enclosing sediments. Therefore, the quan-
tity of coal layers, their thicknesses, constitution, degree of stability
(consistency) aswell as the general coal saturation of the sediments
varies essentially both in the section and in the area of distribution
of coal-bearing strata (Moinosadat andZadehkabir, 1996). The coal-
bearing sedimentary sequences of the Azarbaijan, Alborz and Tabas
coalﬁelds occur in the Shemshak Formation of Upper Triassic to
LowerâŁ“Middle Jurassic age, whichwas deposited in a freshwater
environment (Goodarzi et al., 2006). The Shemshak Formation was
deposited on limestone sequences and is overlain byMiddleâŁ“Up-
per Jurassic limestones of the Lar Formation and is divided into
different members in those areas (Fig. 2).
The coal-bearing sedimentary sequences of the Khorasan occur
in the Miankuhi Formation of Triassic and Kashafrud Formation
with of Jurassic age. The lithology of Kashafrud Formation con-
sists of sandstone, siltstone, conglomerate, and shale whereas the
Miankuhi Formation comprises brownish shale, sandstone and coal
that largely outcrop in the Northeast of Iran. Kashafrud Formation
lithology and stratigraphy is similar to the Shemshak Formation
in Alborz (Afshar Harb, 1979). The Kashan coal-bearing regions
are conﬁned to a band of LowerâŁ“Middle Jurassic coal-bearing
sediments that has a width of about 15km and a length of up to
60km, and extends north-westward and structurally represents
the southwestern ﬂank of a large complex anticlinal fold that has
additional folding. The structure and thickness of the Jurassic sed-
iments of the region are similar to the Jurassic sediments of the
Tabas Basin (Moinosadat and Zadehkabir, 1996).
3. Samples collecting and analytical methods
Thesamplingof coalbedswascarriedoutby thechannelmethod
by interval sampling of coals of different types and coal interbeds
in coal open-pits and mines, in natural exposures, and also in core
samples. The length of a sampling interval was selected depending
on the thickness andstructural complexityof abedand ranged from
0.1 to 1.5m on average. A total of 478 coal and coaly shale samples
was collected from 40 coal mines. All samples were collected and
stored in plastic bags to prevent contamination and weathering.
The sampleswere ashed inanopenmufﬂe furnace, the temperature
beinggradually raised to815Â±15Â°Candheldat this temperature
until the mass became stationary. Ash yield in percentage is calcu-
lated on the basis of the mass of the residuum after roasting. The
Se content onwhole coal sampleswas determined by instrumental
Fig. 1. Location of the Iranian coal basins and deposits.
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Fig. 2. Comparison of Schemes of the stratigraphy of TriassicâŁ“Jurassic sediments (Bragin et al., 1981).
neutron activation analysis (INAA) for theweight of 100âŁ“200mg.
The detection limit of the INAA for Se is 0.1ppm.
4. Results and discussion
4.1. Average Se concentration of coals in Iran
The average values of Se in coals fromdifferent basins and seams
are presented in Table 1. The Se content in the coals of Iran ranges
from <0.1 to 31.5ppm (Kalishur deposit).
Table 1 Selenium contents in coals and coaly shale of Iran in the
Alborzbasin, Sevalue incoal ranges from<0.1âŁ“7.2ppmwithaver-
age 1.7ppm. The highest contents are in Jam deposit and K5 seam
inGheshlaghmine. The average value of Se in coaly shales in Alborz
basin is 1.8ppm, which is approximately equal to the value of the
coal. For the Kashan area, coal deposits have an average of 2.2ppm
Se that is greater than coaly shales with average 0.6ppm. The
Azarbaijan coals with 10 deposits contain, on average, 1.4 ppm Se,
with variations in the average range from 0.1 up to 3.4ppm. In the
Khorasan district coals, averaging 26 samples from three deposits,
Se content is 1ppm, and in coaly shale is 2.4ppm. For the Tabas
coal basin, the range of Se content is <0.1âŁ“31.5ppm with aver-
age 0.9ppm. The highest value measured in this study is 31.5ppm
Se in the Kalishur deposit and it has highest average contents in
coal samples (5.8ppm). The average of Se value in the coaly shale
samples in Tabas basin is 1.3ppm. The estimation of the Se mean
(not weighted) value of the main coal deposits in Iran (Badamu,
Hamkar, Hashuni, Hodjedk, Mazino, Parvardeh, Sangerud) is equal
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Table 1
Selenium contents in coals of Iran.
Coal basin, deposit Number of sample Seam Ash (%) Se (ppm)
Average Range
Alborz
Abyek 7 âŁ“ âŁ“ 57.14 2.20 < 0.1âŁ“3.72
Anjir tange 3 âŁ“ âŁ“ 22.8 0.82 0.42âŁ“1.2
Geshlag 28 4 K1 32.23 0.98 <0.1âŁ“2.57
3 K4 32.66 1.07 <0.1âŁ“3.02
5 K5 35.22 3.15 <0.1âŁ“7.22
4 K59 31.57 0.58 <0.1âŁ“1.08
8 K62 49.48 1.97 <0.1âŁ“5.12
4 K67 36.45 1.45 < 0.1âŁ“3.77
Jam 18 âŁ“ âŁ“ 46.65 2.35 <0.1âŁ“7.19
Sangerud 9 âŁ“ âŁ“ 27.72 0.59 <0.1âŁ“4.58
Tazareh 27 4 K10 42.42 2.99 0.86âŁ“5.28
4 K12 47.77 1.13 < 0.1âŁ“2.21
2 K17 7 2.17 1.52âŁ“2.82
5 K25 56.12 1.03 < 0.1âŁ“4.16
4 K5 6.5 1.95 0.66âŁ“2.77
3 P10 29.55 1.55 1.31âŁ“1.67
5 P7 55.52 1.7 0.68âŁ“5.36
Kashan
Kolahrud 12 âŁ“ âŁ“ 67.41 1.61 <0.1âŁ“6.86
Maravand 2 âŁ“ âŁ“ 86.5 âŁ“ <0.1
Nachaft 7 âŁ“ âŁ“ 85.3 0.44 < 0.1âŁ“2.15
Niazmargh 8 âŁ“ âŁ“ 83.7 âŁ“ <0.1
Targhrud 7 âŁ“ âŁ“ 75.8 1.03 < 0.1âŁ“2.9
Azarbaijan
Alibeyglo 2 âŁ“ âŁ“ 91 3.85 3.58âŁ“4.12
Gare Boglu 4 âŁ“ âŁ“ 58.76 2.02 < 0.1âŁ“5.52
Ghare Daghlo 1 âŁ“ âŁ“ 39.2 1.97 1.97
Ghazi Abad 2 âŁ“ âŁ“ 50.4 1.76 0.1âŁ“3.42
Kali Kuzlu 3 âŁ“ âŁ“ 36.63 2.23 <0.1âŁ“3.56
Gheshlagh Amir 4 âŁ“ âŁ“ 91.7 âŁ“ < 0.1
Khorma zard 6 âŁ“ âŁ“ 52.68 âŁ“ <0.1
Sahale 8 âŁ“ âŁ“ 68.25 1.95 <0.1âŁ“3.85
Sang Khotab 3 âŁ“ âŁ“ 58.25 âŁ“ <0.1
Shirvan Shamlu 6 âŁ“ âŁ“ 68.72 âŁ“ <0.1
Khorasan
Aghdarband 18 âŁ“ âŁ“ 55.36 1.22 <0.1âŁ“3.81
Cheshmegol 5 âŁ“ âŁ“ 37.8 2.09 0.13âŁ“4.11
Golbanoo 25 âŁ“ âŁ“ 23.97 1.03 <0.1âŁ“3.51
Tabas
Asad abad 11 D2 37.15 1.65 <0.1âŁ“3.62
Badamu 27 13 D2 20.31 0.88 <0.1âŁ“2.84
7 D3 52.06 0.24 <0.1âŁ“1.11
4 D4 74.7 1.6 <0.1âŁ“4.36
3 D5 51.53 2.03 <0.1âŁ“5.90
Hamkar 31 6 D2 37.53 0.56 <0.1âŁ“1.21
6 D4 20.86 0.35 <0.1âŁ“1.02
3 D5 46.9 0.13 <0.1âŁ“0.18
6 E1 22.32 0.6 <0.1âŁ“1.66
4 E2 28.12 0.52 <0.1âŁ“1.78
6 E4 8.8 0.96 0.13âŁ“2.30
Hashuni 23 5 D2 31.54 0.13 <0.1âŁ“0.26
3 D3 28.46 âŁ“ <0.1
4 D4 23.02 âŁ“ <0.1
3 D5 64.2 0.47 <0.1âŁ“1.21
8 D6 52.87 0.41 <0.1âŁ“1.18
Hodjedk 11 3 D1 11.81 0.37 < 0.1âŁ“0.92
8 D2 11.17 0.93 <0.1âŁ“1.79
Jafarun 19 âŁ“ âŁ“ 35.8 2.12 <0.1âŁ“6.16
Kalishur 25 âŁ“ âŁ“ 59.86 4.91 <0.1âŁ“31.49
Mazino 31 âŁ“ âŁ“ 49.11 0.84 <0.1âŁ“4.21
Nayband 14 âŁ“ âŁ“ 30.28 1.72 0.43âŁ“9.77
Zeyton Takht 5 âŁ“ âŁ“ 23.57 1.65 <0.1âŁ“6.62
Pabdana 21 7 D2 23.45 1.24 <0.1âŁ“3.26
4 D4 66.5 âŁ“ <0.1
5 D5 47.57 1.7 0.23âŁ“3.65
5 D6 44.56 0.63 <0.1âŁ“1.71
Parvardeh 27 10 B1 35.41 0.24 <0.1âŁ“1.07
6 B2 59.02 0.49 <0.1âŁ“2.43
11 C1 40.55 1.35 <0.1âŁ“4.65
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to 1.2ppm which is within the range of worldwide coals and lower
than Chinese coals(Ren et al., 1999). The highest Se anomalies are
in the Kalishur and Nayband deposits (Table 2).
4.2. Factors controlling the accumulation of selenium in coals
There are many geologic factors controlling the enrichment of
elements in coal (Dai et al., 2003). Although Se concentrations in
Iran coals are low, within the deposits, individual coal beds or
groups of beds and within the beds individual horizons (or forma-
tionmembers) have increased concentrations of Se. The reasons for
this are rooted in the different conditions that existed in the vast
territory of coal accumulation during the Mesozoic. These differ-
ences are ﬁrst of all deﬁned by the geological-structural position
of the basins of coal accumulation as well as the tectonicâŁ“mag-
matic and climatic conditions of their formation. They determine
the peculiarities of the composition of rocks and geochemical zona-
tion of structures of the basin framework, the composition and
dynamics of underground and surface waters, speed of coal accu-
mulation and quality of coals. Depending on the combination of
these factors various paleo-facies hydrological, hydrogeochemical
conditions controlling the peculiarities of accumulation of sele-
niumunder certain circumstances aswell as conditions responsible
for postdiagenetic reallocation of elements were created. It is obvi-
ous that all these factors are closely interconnected (Ren et al.,
1999; Luo et al., 2004; Yudovich and Ketris, 2006; Arbuzov et al.,
2011). The formation of coals of Iran on the major part of its ter-
ritory took place under unstable tectonic conditions as indicated
by the low thickness of coal beds, high ash yield and presence of
numerous noncarbon interlayers. Selenium does not show posi-
tive correlations with the ash yields (Fig. 3) suggesting that is has
a mixed mode of occurrence in the coal or an afﬁnity of organic
matter with Se in coals (Belkin et al., 1997).
The highest Se contents are in the Tabas basin. However, accord-
ing to (Moosavirad et al., 2011) the formation of the Lower Jurassic
sediments in the Tabas coal-bearing basin occurred under the
Fig. 3. Distribution of selenium vs ash yield in coal and coaly shale samples of Iran.
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Table 2
Selenium contents in Kalishur and Nayband deposits.
Deposit Ash % Se (ppm) Deposit Ash % Se (ppm)
Kalishur 68.3 1.31 Nayband âŁ“ <0.1
Kalishur 75.6 1.10 Nayband âŁ“ <0.1
Kalishur 75.3 0.79 Nayband 13.8 <0.1
Kalishur 34.7 0.35 Nayband 20.7 <0.1
Kalishur 71.8 <0.1 Nayband 36.7 11.60
Kalishur 49 <0.1 Nayband 25.4 9.77
Kalishur 44.9 <0.1 Nayband 17.4 6.62
Kalishur 28.5 31.49 Nayband 78.3 5.92
Kalishur 36.7 13.89 Nayband 37.8 3.99
Kalishur 86.7 11.98 Nayband 23.7 3.63
Kalishur 78 10.87 Nayband 35.2 3.53
Kalishur âŁ“ 10.21 Nayband 81.6 2.05
Kalishur 81.7 7.31 Nayband âŁ“ 1.97
Kalishur 80.7 6.87 Nayband 26.9 1.84
Kalishur 40.3 4.93 Nayband 18.7 1.67
Kalishur 22.4 3.99 Nayband âŁ“ 1.58
Kalishur 47.9 3.82 Nayband 15.9 1.48
Kalishur 88.4 3.45 Nayband 42.4 1.33
Kalishur 82.2 3.23 Nayband 5.5 1.19
Kalishur 47.7 2.72 Nayband 19.6 1.11
Kalishur 21.4 2.05 Nayband 47.1 1.03
Kalishur 65.3 1.89 Nayband 37 0.93
Nayband 21.8 0.43 Nayband 46.3 0.91
Nayband âŁ“ 0.26 Nayband 44.3 0.80
Nayband âŁ“ 0.19 Nayband 24.3 0.61
conditions of the semiarid climate at the expense of felsic rocks
in oxidative environment. Oxidative conditions of the semiarid cli-
mate produce high selenium mobility and enhanced Se content
in water. Se is concentrated on coal as a reduction or sorption
geochemical barrier; probably, mostly as SeÂ° in oxidized organic
matter and partly pyrite (Yudovich and Ketris, 2006). The low con-
centration of Se in most coal samples could be explained by the
high extent of coal metamorphism in Iran that sometime reaches
anthracite rank (Moinosadat and Zadehkabir, 1996).
5. Conclusion
Most Iranian coals are low-selenium coals (<31.5ppm). The
average Se content in Iranian coals is 1.2ppm, close to that of the
world coal average. Although selenium anomalies are located in
Tabas basin, the Tabas coal basin has lowest levels of average Se
(0.9ppm) concentration. The Se concentration in Iranian coals was
inﬂuenced by high degree of coal metamorphism and formation of
coals under unstable tectonic conditions. The high concentration
of Se in coal-bearing deposit is at Kalishur (31.5ppm) in the Tabas
coal basinwhichwere subjected to the occurredunder semiarid cli-
mate at the presence of volcanic activity in oxidative environment.
The regions of the high selenium geochemical background and arid
climate are favorable for the formation of oxygenated waters, con-
tributing to the accumulation of anomalous Se concentrations in
organic matter.
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